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© Improved structure and manufacturing method for thin-film semiconductor diode device. 

© A structure and manufacturing method for a thin film 
semiconductor device consisting of a single diode or a plurality 
of diodes connected in series, the device being formed of at 
least one pair of mutually adjacent P-type (23a) and N-type 
(23b) regions formed in a layer of polycrystailine silicon (23) 
deposited on an insulating film (22) upon a substrate (21). to 
thereby define at least one PN junction. Each of the P-type 
regions and N-type regions is shaped as a rectangle, wiih 
opposite ends of each PN junction formed between these 
regions being respectively defined by two opposing sides of the 
polycrystailine silicon layer. Since each of the PN junctions is 
substantially rectilinear, an even distribution of current flow 
through each PN junction is attained, whereby a high resistance 
to destruction and an extremely stable value of reverse bias 
breakdown voltage are achieved. 
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IMPROVED STRUCTURE AND MANUFACTURING METHOD FOR THIN-FILM SEMICONDUCTOR DIODE DEVICE 



BACKGROUND OF THE INVENTION 

The present invention relates to a structure and 
method of manufacture for a semiconductor device 
which is configured as a one or more PN junctions 
within a polycrystalline silicon layer formed upon a 
thermal oxidation insulating film which covers a 
surface of a semiconductor substrate. 

Semiconductor devices are known in the art which 
are formed as PN junctions upon an insulating film 
that is formed over a semiconductor substrate, for 
example as described in Japanese patent laid-open 
No. 58-151051, and in U.S. patent No. 4,492,974. 
Since no parasitic action occurs within such a 
semiconductor device, a plurality of elements can 
readily be configured as a set of PN junctions which 
are connected in series, and such a device has a 
wide range of applicability. For example, such a 
device is suitable for use as a temperature sensing 
element which employs the diode forward voltage 
temperature characteristic. 

Figs 1 , 2 and 3 show a specific example of a prior 
art semiconductor device which is configured as a 
plurality of diodes connected in series. Fig. 1 shows 
a cross-sectional view, Fig. 2 a plan view, and Fig. 3 
the electrical circuit of the device. Reference 
numeral 10 denotes a semiconductor substrate 
having an insulating film 1 1 formed on a main surface 
thereof. A layer of polycrystalline silicon 12, referred 
to in the following as a polycrystalline silicon 
"island", is formed upon a predetermined region of 
the insulating film 11. Regions of the polycrystalline 
silicon island 12 are selectively doped with phospho- 
rus or boron by ion implantation, to form a plurality of 
successively adjacently positioned annular N+ re- 
gions 12a and P+ regions 12b, disposed mutually 
concentric, in a successively alternating manner as 
shown. An oxide film 13 is formed over this 
polycrystalline silicon island 12, and a surface 
protection film 14 is then formed thereon. Lead-out 
apertures are then formed, and electrodes 15a and 
15b are then formed to respectively contact the 
innermost one of the N+ regions 12a and the 
outermost one of the N+ regions 12a. This com- 
pletes the manufacture of the semiconductor de- 
vice. 

However with such a semiconductor device, the 
current-carrying capacity of the PN junctions is 
determined by the maximum current density per unit 
length of a PN junction. Thus, the current-carrying 
capacity of the entire semiconductor device is 
determined by that of the PN junction which has the 
shortest junction length, i.e. the peripherally inner- 
most PN junction. As a result, an increase in the 
current-carrying capacity of such a device can only 
be attained by increasing the length of this periphe- 
rally innermost PN junction. Hence, the length of the 
peripherally outermost PN junction must be in- 
creased accordingly, whereby the overall area which 
is occupied by the PN junctions of the device may 
become excessively large, i.e. the efficiency of area 



utilization is low. Furthermore with such a prior art 
configuration, one of the P+ regions 12b is disposed 

5 at the peripherally inward side of each of the N+ 
regions 12a, i.e. regions of different conduction type 
are disposed closely adjacent. Similarly, there is an 
N+ region 12a disposed at the peripherally inward 
side of each P+ region 12b, and corner portions of 

10 the resultant P-N junctions are formed, at which 
there is a high concentration of current flow. As a 
result, the level of applied energy at which device 
destruction begins (i.e. where applied energy is 
defined as the product of voltage applied across the 

15 device and device current) is lowered due to the 
excessive concentration of current flow which 
occurs at each of these PN junction corner portions. 

SUMMARY OF THE INVENTION 
20 It is a first objective of the present invention to 

provide a thin-film diode semiconductor device 
which is capable of providing a high degree of device 
integration. 

It is a second objective of the present invention to 

25 provide a thin-film diode semiconductor device 
having a high value of energy at which device 
destruction occurs. 

It is a third objective of the present invention to 
provide a thin-film diode semiconductor device 

30 having an improved degree of stability of reverse- 
bias breakdown voltage. 

To attain the above objectives, a semiconductor 
device according to the present invention is con- 
figured as a layer of polycrystalline silicon which is 

35 formed upon a predetermined region of an insulating 
film which covers a substrate surface, with mutually 
adjacent P-type regions and N-type regions formed 
in said polycrystalline silicon layer, each of said 
regions being of rectangular shape, to thereby form 

40 at least one PN junction extending substantially 
rectilinearly, with respective ends of said PN junction 
being defined by two opposing sides of said 
polycrystalline silicon layer. 
To manufacture a semiconductor device accord- 

45 ing to the present invention, a method is utilized 
comprising: 

a step of forming an insulating film upon a substrate ; 
a step of forming a layer of polycrystalline silicon 
upon a predetermined region of said insulating film; 
50 a step of performing oxidation of a surface of said 
polycrystalline silicon layer to form a first thermal 
oxidation film; 

a step of removing said first thermal oxidation film; 
a step of again performing oxidation of said surface 
55 of said polycrystalline silicon layer to form a second 
thermal oxidation film; 

a step of performing selective implantation of 
impurities in predetermining regions of said polycry- 
stalline silicon layer such as to form at least one 
60 P-type region and at least one N-type region 
disposed mutually adjacent, each of said P-type 
region and N-type region being of rectangular 
shape, to thereby form at least one PN junction 
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having opppsite ends thereof defined by two 
opposing sides of said polycrystalline silicon layer 
and; 

a step of forming connecting leads of predet rmined 
shape upon predetermined regions of said polycry- 
stalline silicon layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a semicon- 
ductor device which has been proposed in the 
prior art; 

Fig. 2 is a plan view of the device of Fig. 1 ; 

Fig. 3 is an electrical circuit diagram of the 
device of Fig. 1 ; 

Figs. 4(a) to (g) are cross-sectional views for 
illustrating a manufacturing processing se- 
quence of a first embodiment of the present 
invention; 

Fig. 5 is a plan view of a first embodiment of a 
semiconductor device according to the present 
invention; 

Fig. 6 is a an electrical circuit diagram of the 
first embodiment; 

Fig. 7 is a graph showing the relationship 
between annealing time and temperature, and 
density of free electrons; 

Fig. 8 shows relationships between PN 
junction length and destructive level of current; 

Figs. 9(a) to (c) are conceptual plan views for 
illustrating various diode configurations, where; 

Figs. 10(a) and (b) show respective voltage/ 
current electrical characteristics of diodes 
shown in Figs. 9(a) and (b) and; 

Fig. 10 (c) is an electrical circuit diagram to 
illustrate a measurement condition for 
Figs. 10(a) and (b); 

Fig. 11 is a diagram showing levels of 
breakdown voltage of the diodes of Figs. 9(a) to 
(c); 

Fig. 12 is an electrical circuit diagram for 
illustrating measurement conditions of Fig. 1 1 . 

Fig. 13 is a cross-sectional view of a 
modification of the first embodiment of the 
invention; 

Fig. 14 is a cross-sectional view of a second 
embodiment of a semiconductor device ac- 
cording to the present invention; 

Fig. 15 is a plan view of the second 
embodiment; and 

Fig. 16 is an electrical circuit diagram of the 
semiconductor device of the second embodi- 
ments; 

DESCRIPTION OF PREFERRED EMBODIMENTS 

A first embodiment of a semiconductor device 
according to the present invention, and the method 
of manufacture of this embodiment will be de- 
scribed referring to Figs. 4(a) to (g), 5 and 6. 
Figs. 4(a) to (g) are cross-sectional views for 
illustrating successive steps in the manufacturing 
process for the first embodiment, Fig. 5 is a plan 
view of a semiconductor device according to the first 
embodiment, and Fig. 6 is an electrical circuit 
diagram of this embodiment. The process of manu- 
facturing the device is as follows. Firstly, as shown in 
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Fig. 4(a), an insulating film 22 consisting of a thermal 
oxidation film is formed over the entire area of a main 
surface of a semiconductor substrate 21 which is 
formed of a material such as single-crystal silicon. 
5 The insulating film 22 is formed by thermal oxidation 
to a thickness of approximately 1 i±m, under 
conditions of 1050° C temperature, and wet He!. 
Next, as shown in Fig. 4(b), a layer of non-doped 
polycrystalline silicon is formed on the insulating film 

10 22 to a thickness of approximately 4000 A, by a 
process such as CVD (chemical vapor deposition) 
under deposition conditions of approximately 600° 
C. Patterning of the resultant polycrystalline silicon 
layer is then executed, by lithography and dry 

15 etching process, such as reactive ion etching (RLE). 
A single "island" 23 of polycrystalline silicon is 
thereby formed upon the insulating film, having a 
predetermined area and at a predetermined position. 
The surface of the polycrystalline silicon island 23 will 

20 not be smooth, but will contain convex and concave 
irregularities, as a result of the effects of variations in 
the deposition conditions during deposition of the 
polycrystalline silicon layer, and the effects of the 
RIE etching process, etc. 

25 Next, as shown in Fig. 4(c), thermal oxidation of 
the surface of the polycrystalline silicon island 23 is 
performed at a temperature in the range 900 to 
1200° C, preferably under conditions of approxi- 
mately 1050° C temperature and a dry O2 gas 

30 atmosphere, to thereby form an oxide film 24 to a 
thickness which is in the range 600 to 700 A. The 
thermal oxidation film 24 which is thus formed will 
conform to the irregularities which exist on the 
surface of the polycrystalline silicon island 23 prior to 

35 this step of oxidation. However upon completion of 
this step of thermal oxidation, the surface of the 
polycrystalline silicon island 23 will become substan- 
tially flat and smooth. 

Next, as shown in Fig. 4(d), the thermal oxidation 

40 film 24 is removed by lithography and etching, (for 
example by using a fluoric acid solvent). As shown in 
Fig. 4(e), thermal oxidation is then again performed, 
to form a thermal oxidation film 25 having a thickness 
which is in the range 500 to 700 A. The processing 

45 conditions in this case are preferably a temperature 
of 1000° C approximately, a dry O2 gas atmosphere, 
and a duration of approximately 50 minutes, followed 
by an N2 gas atmosphere for approximately 20 
minutes. Due to the fact that this thermal oxidation 

50 film 25 is formed upon a surface of the polycrystalline 
silicon island 23 which has been made substantially 
flat and smooth, the surface of the thermal oxidation 
film 25 itself will also be substantially flat and 
smooth. High temperature annealing is now per- 

55 formed, e.g. at a temperature of approximately 1 1 70° 
C, in an inert gas atmosphere such as N2, for 170 
minutes, to thereby improve the quality of the 
polycrystalline silicon. As shown in Fig. 7, if this high 
temperature annealing is carried out at a tempera- 

60 ture which is higher than 1100° C, and for a time 
which of 15 minutes of more, then the free electron 
density in the polycrystalline silicon can be lowered, 
and minute defects can be reduced. A significant 
improvement in the quality of the polycrystalline 

65 silicon can thereby be attained. 
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Next, a series of steps are performed consisting 
of coating with resist and exposure to light, selective 
removal of the resist, followed by ion implantation. 
As a result, as shown in Fig. 4(f), P+ regions 23a and 
N + regions 23b are formed in the polycrystalline 
silicon island 23. To form the P+ regions 23a, 
implantation of an impurity such as boron is 
executed, utilizing 40 KeV and 8 x 10 14 dose. The N + 
regions 23b are formed by implantation of an N-type 
impurity such as phosphorus, using 100 KeV and 5 x 
10 1S dose. As shown in Fig. 5, each of the regions of 
the N+ regions 23b and P+ regions 23a is formed in 
the shape of a rectangle, with successively posi- 
tioned ones of the N+ regions 23b and P+ regions 
23a being disposed mutually adjacent, in a sequen- 
tially alternating manner as shown. In this way a 
plurality of PN junctions are formed at substantially 
equidistant spacings, extending from one edge of 
the polycrystalline silicon island 23 to the opposite 
edge thereof. Terminals of the set of PN junctions 
thus produced are formed on portions of the the 
polycrystalline silicon island 23 adjacent to the 
aforementioned opposing edges of island 23. Next, 
thermal processing is performed at a temperature in 
the range 1000 to 1 100° C, for 20 minutes or more, in 
an inert gas atmosphere such as N2. In this 
processing, driving in of the impurities which have 
been implanted in the polycrystalline silicon is 
performed while at the same time boron is drawn out 
of the P+ regions 23a to be shifted to an insulating 
layer to perform segregation. This withdrawal of 
boron makes use of a difference between the 
segregation coefficients of boron and phosphorus. 
As a result of this processing, the surface concen- 
tration is lowered, thereby increasing the breakdown 
voltage of the completed device. 

Next, as shown in Fig. 4 (g), an inter-layer 
insulating film 26 consisting of BPSG deposited to a 
thickness of approximately 7000 A is formed upon 
the thermal oxidation film 25 of the polycrystalline 
silicon island 23, and lead-out apertures are formed 
in this inter-layer insulating film 26. Electrodes 27a 
and 27b are then respectively formed, of a material 
such as A!-Si, on one of the P+ regions 23a which is 
positioned adjacent to one edge of the polycrystal- 
line silicon island 23, and one of the N+ regions 23b 
which is positioned adjacent to the opposite edge of 
island 23, and a set of electrodes 27c are formed 
such as to electrically connect each of mutually 
adjacent pairs of the N + regions 23b and P+ regions 
23a as shown. 

The device which is formed by the manufacturing 
process described above consists of a plurality of 
diodes which are connected in series as shown in 
Fig. 6. In Fig. 6, the arrow indicates the direction of 
forward current flow. 

With the first embodiment of the present invention 
described above, a plurality of PN junctions are 
formed, each having a junction length which is 
identical to the width of the polycrystalline silicon 
island 23. Thus, it is not necessary to provide 
excessively long junction portions such as are 
required in the case of the prior art device described 
hereinabove with reference to Figs. 1, 2 and 3. 
Hence, excellent efficiency of area utilization is 
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attained with this first embodiment. of the present 
invention, enabling a high level of device integration 
to be implemented. * t 

Furthermore with the first embodiment of the 
5 present invention described above, if the PN 
junction length is assumed to be designed to be 
equal to that of PN junction length of the peripherally 
innermost PN junction in the prior art example of 
Figs. 1 to 3, then the first embodiment of the present 
10 invention will provide a reduction of required area by 
a factor of 1/3 by comparison with that prior art 
device. 

With the first embodiment of the present invention 
described above, a plurality of PN junctions are 

75 formed which extend from one side of the polycry- 
stalline silicon island 23 (which is formed in a 
rectangular shape) to the opposite side, positioned 
at equidistant spacings. It should be noted that the 
term "side" as applied in this description and in the 

20 appended claims to a polycrystalline layer or to a 
region of such a layer has the significance of a linear 
portion of the peripheral bounder of that layer or 
region, extending between two corners of that 
boundary, as viewed in a direction normal to the 

25 substrate plane. Terminals of the device are formed 
adjacent to these opposing sides of the island 23. 
Due to this configuration, no corners of PN junctions 
are formed, so that concentration of current flow 
such as that described for the example of Figs. 1 to 3 

30 does not occur, i.e. an even distribution of current 
flow is achieved throughout each of the PN junc- 
tions. Thus, the level of applied energy at which 
device destruction begins (as defined hereinabove) 
is reduced. Fig. 8 graphically illustrates relationships 

35 between PN junction length and levels of maximum 
current against destruction, with curve A being the 
characteristic in the case of a diode which is 
manufactured by utilizing the technical concepts of 
the present invention, i.e. a diode having a structure 

40 as illustrated in the conceptual plan view of Fig. 9(a). 
This type of diode will be referred to in the following 
as sample A. Curve B is the characteristic for the 
case of a prior art type of diode having a P+ region 
formed within an N+ region, as illustrated in Fig. 9(b), 

45 this diode being referred to in the following as 
sample B. Curve C is the characteristic for the case 
of a diode which is formed by a prior art process, 
which is shaped such that each PN junction includes 
a number of corner portions. This diode will be 

50 referred to in the following as sample C. The 
respective values of destructive current density 
(where destructive current density = maximum cur- 
rent against destructive/PN junction length) ob- 
tained from these characteristics are as follows. In 

55 the case of characteristic A, 1.65 mA/u.m, for 
characteristic B, 0.88 mA/u.m, and for characteristic 
C, 0.61 mA/u.m. It can thus be understood that the 
lower the number of corner portions of the PN 
junction of a diode, the lower will be the destructive 

60 current density, and that sample A provides the 
highest level of destructive current density. Thus, if 
each of these types of diode were required to have 
an identical value of maximum current against 
destruction, then sample A would have the shortest 

65 PN junction length and hence would occupy the 
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smallest area. As described above, sample A 
provides the highest value of maximum current 
against, destruction due to the fact that an even 
distribution of current flow in the PN junction is 
attained. 

Figs. 10(a) and 10(b) show voltage/current char- 
acteristics when a reverse bias voltage applied to a 
diode which is connected in the circuit in Fig. 10 (c). 
Fig. 10(a) shows the characteristics for the case of 
sample A of Fig. 9(a) described above, while 
Fig. 10(b) shows the characteristic for the case of 
sample B of Fig. 9(b). The respective values of 
breakdown voltage are 6.04 V for sample A, and 5.97 
V for sample B. It can thus be understood that a 
diode configuration according to the present inven- 
tion provides the higher value of breakdown voltage. 
It is important to note the bend portion in the 
characteristic of Fig. 10(b), indicated by the arrow in 
that figure. This bend portion corresponds to 
breakdown occurring at a corner portion of a PN 
junction region. Specifically, two types of breakdown 
occur, i.e. that which occurs in a corner portion of a 
PN junction and that which occurs in a linear portion 
of a junction. The value of breakdown voltage in the 
case of a corner portion is lower than that of a linear 
portion of a PN junction, and this is the reason for 
the occurrence of the aforementioned bend in the 
characteristic. Fig. 11 is a diagram showing respec- 
tive amounts of change in the value of breakdown 
voltage which occur during a specific period of 
operation at high temperature, for each of the diode 
samples A, B and C described above. The values 
shown in Fig. 1 1 were obtained by connecting each 
type of diode in a circuit of the form shown in Fig. 12, 
and passing a current of 1 mA through the diode 
for 3 hours at a temperature of 150° C. As can be 
understood from Fig. 11, sample A displays by far 
the lowest amount of variation of breakdown voltage 
by comparison with samples B and C. It can thus be 
understood that a diode manufactured by the 
method of the present invention is highly suited for 
use as a zener diode, since a highly stable 
voltage/current characteristic can be obtained. 

The effects obtained by the present invention have 
been described in the above on the basis of data 
obtained from experiments. In the manufacturing 
process for the first embodiment described above, 
the following measures are taken in order to 
increase the value of maximum current against 
destruction. Firstly, two thermal oxidation films are 
successively formed on the surface of the polycry- 
stalline silicon island 23 under specific predeter- 
mined conditions. After forming the first thermal 
oxidation film 24, it is removed, then the second 
thermal oxidation film 25 is formed. As a result, the 
surface of the polycrystalline silicon island. 23 and 
hence the surface of the thermal oxidation film 25 are 
each made substantially flat and smooth, thereby 
reducing regions of concentration of electric field 
resulting from irregularities of these surfaces. In 
addition, due to the thorough degree of cleansing of 
the surface of the polycrystalline silicon island 23 
which is achieved, the level of leakage current of the 
completed device is made small. 

Furthermore, boron is withdrawn from the P + 



regions 23a at the same time that driving in of the 
implanted impurities in the polycrystalline silicon 
takes place. As a result of this withdrawal of boron, a 
lower suface density is produced on the upper face 
5 and side faces of the two regions positioned at 
opposing sides of the polycrystalline silicon island 23 
on which terminal electrodes 27a and 27b of the PN 
junctions are formed. Due to this, the breakdown 
voltage of the device is increased, and a high level of 

10 maximum current against destruction is ensured for 
these terminal portions. The value of maximum 
current against destruction of each of these terminal 
regions of the polycrystalline silicon island 23 is 
determined by the distances between these regions 

15 and the efectrodes 27a, 27b and 27c which are 
formed on the island 23. With the electrodes 27a, 
27b and 27c formed at the positions shown in Fig. 5, 
the distances between these terminal regions and 
other semiconductor regions are made longer than 

20 the distances between these terminal regions and 
the electrodes. The resistance between these 
terminal regions and the other semiconductor 
regions is accordingly increased, thereby serving to 
reduce the level of leakage current. 

25 The first embodiment of the present invention has 
been described above for the case of a semiconduc- 
tor device which consists only of diodes formed from 
polycrystalline silicon upon an insulating film 22. 
However it is equally possible to form other 

30 semiconductor elements on the insulating film 22, or 
as shown in Fig. 13, to form other semiconductor 
elements within the semiconductor substrate. In the 
example of Fig. 13, an N-type semiconductor 
substrate 1a is utilized to form a power MOS 

35 transistor. After forming a P-type diffusion layer 28 
and an N+ diffusion layer 29 within the semiconduc- 
tor substrate 1a, by diffusion technology which is 
well known in the art, a polycrystalline silicon region 
23c is selectively formed through the insulating film 

40 22 to serve as a gate electrode of the MOS 
transistor. Thereafter, an inter-layer insulating film 26 
and an electrode 27d are sequentially formed, by 
similar processing steps to those described above 
for the first embodiment of the present invention, to 

45 thereby configure a power MOS transistor. 

A second embodiment of a semiconductor device 
according to the present Invention will now be 
desribed, referring to Figs. 14, 15 and 16. Fig. 14 is a 
cross-sectional view of the second embodiment, 

50 Fig. 15 is a plan view of the embodiment, and Fig. 16 
is an electrical circuit diagram of the embodiment. 
The second embodiment consists substantially of 
the first embodiment described above, with the 
electrodes 27c being omitted. The second embodi- 

55 ment further differs from the first embodiment in that 
both of the outermost semiconductor regions, i.e. 
the terminal regions of the polycrystalline silicon 
island 23 on which the terminals 27a and 27b are 
formed, are N+ regions 23b, which are formed by 

60 selective ion implantation as described hereinabove 
for the first embodiment. The manufacturing process 
for the second embodiment is substantially identical 
to that of the first embodiment, so that further 
description will be omitted. Reference numerals in 

65 Figs. 14 and 15 corresponding to numerals in Figs. 4 
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and 5 denote identical components of the first and 
second embodiments. The electrical circuit of the 
device of the second embodiment is as shown in 
Fig. 16, consisting of a plurality of diodes connected 
in series, with the successive PN junctions thereof 
being of alternatively opposing conduction direc- 
tions. Such a device is suitable for use as a zener 
diode. 

As described in the above, each of the embodi- 
ments of the present invention consists of a layer of 
polycrystalline silicon formed on a predetermined 
region of an insulating film which has been formed 
over a substrate, with a plurality of P-type regions 
and N-type regions each of rectangular shape being 
formed in the polycrystalline silicon as successive 
mutually adjacent pairs of a P-type region and N-type 
region, thereby forming respective PN junctions 
between each of these pairs, with opposing ends of 
each of these PN junctions being defined by 
respective opposing sides of the polycrystalline 20 
silicon layer. 

Furthermore with both the 
embodiments described above 
silicon layer is shaped to have first and second 
mutually opposed sides disposed substantially mu- 
tually parallel, with first and second mutually op- 
posed sides of each of the P-type regions and 
N-type regions being respectively defined by the first 
and second sides of the polycrystalline silicon layer. 

Moreover, with both the first and second embodi- 
ments described above, as is made clear in the plan 
view of Figs. 5 and 15, the polycrystalline silicon layer 
is formed into a substantially rectangular shape, with 
a third side of a first outermost region of the P-type 
regions and N-type regions disposed at a third side 
of the polycrystalline silicon layer having a third side 
thereof defined by that third side of the polycrystal- 
line silicon layer and a second outermost region 
disposed at a fourth side of the polycrystalline silicon 
layer, (i.e. opposite to the first outermost region) and 
having a third side thereof defined by that fourth side 
of the polycrystalline silicon layer, and with a first 
terminal electrode being formed on the first outer- 
most region and a second terminal electrode being 
formed on the second outermost region. 

However it should be noted that the present 
invention is not limited to the configurations which 
have been described above for the first and second 
embodiments, and that various changes and modifi- 
cations to these embodiments may be envisaged. 
For example, rather than forming a plurality of PN 
junctions on the insulating film 22, it would be equally 
possible to form only a single PN junction. Further- 
more it would be equally possible to form two or 
more polycrystalline islands, with PN junctions 
formed in each of these. 
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1. A semiconductor device configured as a 
layer of polycrystalline silicon which is formed 
upon a predetermined region of an insulating 
film covering a substrate surface, with mutually 
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adjacent P-type regions and N-type regions 
formed in said polycrystalline silicon layer, each 
of said regions being of rectangular shape, to 
thereby form at least one PN junction extending 
substantially rectilinearly, with respective ends 
of said PN junction being defined by two 
opposing sides of said polycrystalline silicon 
layer. 

2. A semiconductor device according to 
claim 1, comprising successively alternating 
ones of said P-type regions and N-type regions, 
forming a plurality of PN junctions connected in 
series. 

3. A semiconductor device according to 
claim 1, further comprising a thermal oxidation 
film formed over at least a portion of a surface of 
said polycrystalline silicon layer in which said at 
least one PN junction is formed. 

4. A semiconductor device according to 
claim 3, in which said said surface of said 
polycrystalline silicon layer is rendered sub- 
stantially flat and smooth prior to formation of 
said thermal oxidation film thereon. 

5. A semiconductor device according to 
claim 2, in which said polycrystalline silicon 
layer is formed with first and second mutually 
opposed sides disposed substantially mutually 
parallel, and in which first and second mutually 
opposed sides of each of said P-type regions 
and N-type regions are respectively defined by 
said first and second sides of said polycrystal- 
line silicon layer. 

6. A semiconductor device according to 
claim 5, in which said polycrystalline silicon 
iayer is formed on said insulating film to have a 
substantially rectangular shape, and in which a 
first outermost region of said P-type regions 
and N-type regions has a third side thereof 
defined by a third side of said polycrystalline 
silicon layer and a second outermost region of 
said P-type regions and N-type regions dis- 
posed in opposition to said first outermost 
region has a third side thereof defined by a 
fourth side of said polycrystalline silicon layer, 
and in which a first terminal electrode is formed 
on said first outermost region and a second 
terminal electrode is formed on said second 
outermost region. 

7. A semiconductor device according to 
claim 6, further comprising a plurality of elec- 
trodes formed to respectively connect alter- 
nately positioned ones of said PN junctions. 

8. A method of manufacturing a semiconduc- 
tor device, comprising: 

a step of forming an insulating film upon a 
substrate; 

a step of forming a layer of polycrystalline 
silicon upon a predetermined region of said 
insulating film; 

a step of performing oxidation of a surface of 
said polycrystalline silicon layer to form a first 
thermal oxidation film; 

a step of removing said first thermal oxidation 
film; 

a step of again performing oxidation of said 
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surface of said polycrystalline silicon layer to 
form a second thermal oxidation film ; 
a- step of* performing selective implantation of 
impurities in predetermined regions of said 
polycrystalline silicon layer such as to form at 5 
least one P-type region and at least one N-type 
region disposed mutually adjacent, each of said 
P-type region and N-type region being of 
rectangular shape, to thereby form at least one 
PN junction having opposite ends thereof w 
defined by two opposing sides of said polycry- 
stalline silicon layer and; 

a step of forming connecting leads of predeter- 
mined shape upon predetermined regions of 
said polycrystalline silicon layer. 15 

9. A manufacturing method according to 
claim 8, in which said step of forming said first 
thermal oxidation film is performed at a tem- 
perature which is in the range 900 to 1200° C. 

10. A manufacturing method according to 20 
claim 8, further in which after forming said 
second thermal oxidation films, a step of 
thermal processing in an inert gas atmosphere 

is executed. 

11. A manufacturing method according to 25 
claim 10, in which said thermal processing is 
performed at a temperature of at least 1100° C, 

for a duration of at least 1 5 minutes. 

12. A manufacturing method according to 
claim 8, in which after said step of forming at 30 
least one PN junction, thermal processing is 
executed at a temperature in the range 1000 to 

1 100° C in an inert gas atmosphere. 

13. A manufacturing method according to 
claim 8, in which said polycrystalline silicon 35 
layer is formed in a substantially rectangular 
shape, in said step of formation thereof. 
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